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LUBRICATION OF SCREW COMPRESSOR BEARINGS IN
THE PRESENCE OF REFRIGERANTS

Bo Jacobson
SKF Engineering & Research Centre B.V., Nieuwegein, The Netherlands.
ABSTRACT When using a mixture of refrigerant and lubricant in refrigeration compressor bearings, the build-up of the
lubricant film is governed by the amount and the state of the mixture local to the bearings, as well as by the pressure,
temperature and flow transients in and around the bearings. This means that not only the local pressure and temperature
are important to lubrication but also what happens to the refrigerant-lubricant mixture upstream of the bearing position
and how fast it moves through the tubing compared to the time needed for the refrigerant to boil off from the lubricant.
Viewing the refrigerants themselves as contaminants dissolved in the lubricant, the only detrimental effect on lubrication
of most of them is to lower the viscosity and viscosity-pressure coefficient, leading to oil films that are too thin.

INTRODUCTION

Because of increasing demands for more environmentally safe refrigeration processes and machines, the use of
refrigerants containing chlorine is decreasing and must cease in the near future. If these refrigerants are released into the
atmosphere they destroy the protective ozone layer and therefore help to increase the harmful ultra-violet radiation
reaching the earth. When mixed with lubricants the chlorine components in refrigerants act as EP additives, making it
possible to run and run-in the bearing surfaces without early failures. The most commonly used replacement refrigerant,
Rl34a. does not contain chlorine (and therefore does not affect the ozone layer) but it cannot be used together with the
mineral-oil-based lubricants which are currently used with R22. Rl34a therefore requires the development of new
synthetic lubricants. It may also demand development of new types of compressors to fit its thermodynamic properties,
which would lead automatically to the development of new lubricants and lubrication systems.
This paper describes experiments performed to determine the properties of some alternative compressor lubricants
tested in bearing test machines. These included a ball bearing test, a taper roller bearing flange contact test and a test with
sets of angular contact ball bearings under different loads to study how the behaviour of the refrigerant-lubricant mixture
changes during the flow through a set .of three bearings in each direction.
BEARING LUBRICATION TESTS

Three different tests using rolling element bearing geometries were performed. One of the tests was performed using
a special test set-up where one single lubricated contact could be studied; the other tests were full bearing tests.
Roller-flange tests
The basic test rig was a roller-flange contact test rig, see schematic in Figure I, by means of which the lubrication
of roller ends in contact with the flange of a bearing ring could be studied. The oil film build-up was measured using
electric methods. A "Lubcheck" instrument was connected across the contact between the flange and the roller end and
measured either the electric capacitance of the oil film or the percentage electric contact time through the oil film.
The results of tests on this rig were quite different from those of tests on the interferometry rig reported in the
proceedings of the 1992 International Compressor Engineering Conference at Purdue (Wardle et al. 1992), where the
interferometry results followed EHL theory quite well. In the interferometry rig the lubricated contact was always fully
flooded with lubricant so that, once a complete oil film was formed. its thickness always increased with speed. In the
flange contact rig, the dynamic forces acting on the lubricant had a big influence on the amount of lubricant available
at the contact, making the contact severely starved above a certain speed. At low speeds when the contact was fully
flooded, the lift-off speed was COr. and as the speed increased, the surface separation at first also increased. At higher
speeds, however, the thickness of the oil film decreased again until the percentage contact time became more than 10%,
the criterion used to define lift-off. At still higher speeds, the lubricated surfaces could no longer be kept apart by the oil
film, see Figure 2.
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to the level of lubricantThe range of speeds above COt_ which could be successfully lubricated was extremely sensitive
the low level tests, the
In
refrigerant mixture in the test head. Experiments were run with two different lubricant levels.
lubricated, see Figure 1. After
flange dipped down about 8 mm into the lubricant bath, wetting the whole surface to be
. For some of the tests this
half a revolution the wet surface came into contact with the roller end to be lubricated
0\. to 1.2 COt_. For tests with
1
configuration provided good lubrication within a very narrow mnge of speeds only, from
generally lower than those
i.e.
pure oil this range was much greater, with lift-off speeds in the range 100-250 r/min,
r/min. The other lubricant level
shown in Table 1, and no collapse occurring within the speed limit of the test rig, 4200
was submerged in the lubricant
used was about 25 mm higher than the low level, thus each contact point of the flange
mixture bath, the lift-off curves
for about a third of each revolution. When the flange was so deeply submerged in the
place at a much higher speed;
looked much the same as those for the low level pure oil lubrication except that lift-off took
did not collapse at high speeds
this was expected because of the low viscosity of the lubricant mixture. The lubricant film
t was of high concentration the
when the flange was submerged to this deeper level. In some cases where the refrigeran
readings for the different load
surfaces were never totally separated. There was a difference in the percentage contact time
levels, though, but not even 50 N load could lift off.
long as air or one of the
One interesting phenomenon was noted when the lift-off tests were run in a vacuum. As
lower lift-off speeds after
refrigerants tested, R22 or R134a, was present, the surfaces had a tendency to run in, giving
typically doubled after a few
a few speed sweeps. This was not the case for tests run in a vacuum when the lift-off speed
the experiments was room
runs at the 100 N load level and increased even more at 200 N. The temperature during
re measurements did not give
temperature, with a slight increase during each speed sweep 0-4200-0 r/min. The temperatu
15 °C judging from the liftthan
less
been
have
must
re
temperatu
in
a clear indication of this but the maximum increase
that during speed decrease.
as
increase
speed
during
same
the
off speeds even if the lubricant starvation had remained
1c.
The experimental results are shown in Tables la, 1b and
TABLE 1a: Speed ranges for surface separation: 50 N load.
Pressure
(MPa),
Lubricant
Level
0.1 MPa, low

i

0.2 MPa, low

i

i

=speed increase; .1 = speed decrease

Refrigerant R 134a

Refrigerant R22

Speed range for separation
(mean values) [r/min]

Speed range for separation
(mean.values) [r/min]

107-3900

Air

.1117-39 30

i

107-3900

Air

.1117-39 30

i

558-1342, 3200-4200
.1733-13 17, 3250-4200

108-4200
.1 208-1208, 2950-4200

i

800-3200

.11450-2 850

i

633-1375

.1917-13 00

273-1545, 2630-4060
.1655-17 80, 3800-4200

i

1000-2700

.11975-2 700

0.6 MPa, low

-

i

No lift-off

.1 No lift-off

0.6 MPa, high

-

i

No lift-off

.1 No lift-off

-

0.2 MPa, high
0.4 MPa,low

i

0.4 MPa, high

i

J.. 3250- 3675

3025-3400
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TABLE lb: Speed ranges for surface separation: 100 N load.
Pressure
(MPa),
Lubricant
Level

0.2 MPa, low

i

i

= speed increase; J, = speed decrease

Refrigerant R134a

Refrigerant R22

Speed range for separation
(mean values) [r/min]

Speed range for separation
(mean values) [r/min]

218-1325, 2917-4200

i

325-1317

J, 500-1475

J, 531-1444, 3183-4200
0.2 MPa, high

i

286-4200

J, 510-4200

i

600-3300

J, 825-3700

0.4 MPa, low

i

No lift-off

J, No lift-off

i

742-1317

J, 967-1367

0.4 MPa, high

i

2375-4200

J, 4100-4200

i

1050-4200

J, 2200-4200

0.6 MPa, low

-

i

No lift-off

J, No lift-off

0.6 MPa, high

-

i

No lift-off

J, No lift-off

TABLE lc: Speed ranges for surface separation: 200 N load.
Pressure
(MPa),
Lubricant
Level
0.2 MPa,low

i

i

=speed increase; J, = speed decrease

Refrigerant R134a

Refrigerant R22

Speed range for separation
(mean values) [r/min]

Speed range for separation
(mean values) [r/min]

242-1208, 3392-4200

i

758-1300

J, 1150-1392

i

1200-3100

J, 2800-4200

i

875-1175, 3590-4200

J, 475-1600, 3833-4200

-

0.2 MPa, high
0.4 MPa, low

i

J, No lift-off

No lift-off

J, 1083-1267. 3225-3710
0.4 MPa, high

-

i

3150-4200

0.6 MPa, low

-

i

800-2350, 3600-4200

-

i

0.6 MPa, high

J, 3700-4200

J, Sporadic lift-off >1050
1300-3275 (partial)

J, No lift-off

The experimental results from tests on the flange rig show that starvation phenomena are very important to the
determination of the state of lubrication. The early lift-off often follows EHL theory but the subsequent film collapse at
high speed is caused by starvation. The results of these tests show that lubrication by lubricant-refrigerant mixtures can
be predicted using normal EHL theory as long as no starvation is at hand and the mixture is in equilibrium with the
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with the results from the interferometry measurements
pressure and temperature local to the bearing. This is consistent
nt-refrigerant mixture on the lubricated surfaces are
discussed earlier. As soon as the lubricated surfaces and the lubrica
lubrication will not follow the simple EHL theory. The
not in an equilibrium condition of pressure and temperature, the
account in order to predict the local film-building ability
dynamics of condensation and boiling then should be taken into
at the bearing and the amount of lubricant can greatly
at the EHL contacts of the bearing. Both the active viscosity
predicting the thickness of the oil film in refrigerant
influence the build-up of the lubricant film. One problem with
seen by each bearing vary with loading and running time
compressor applications is that the thermodynamic conditions
between temperature and active viscosity as seen by the
of the compressor. Another is the lack of a simple correlation
bearing. It may be an influence of the dilution on starvation.
Deep groove ball bearing tests
ball bearings 6204 as test elements. The level of the
The first full bearing tests were performed with deep groove
ined at the lowest point of the bearing inner ring. The
lubricant-refrigerant mixture in the bearing cavity bath was mainta
sition of the bath was the specified one. During these
gas and fluid fed into the test chamber were adjusted until the compo
found by sampling, was .!!Q! the same as the composition
measurements it was found that the composition of the bath, as
the return line was different again. It was thus very clear
of the mixture delivered, and the composition coming through
g can be regarded as being in equilibrium when the oilthat not even such a simple machine as a ball bearing in a housin
of the local boiling or condensation of refrigerant at the
refrigerant mixture flows through the housing. The kinetics
of the lubricating refrigerant-oil mixture at the position
bearing surfaces determine both composition and the temperature
works, it is thus necessary to take into consideration all
of the lubricated contacts. To ensure that the lubrication always
transients in the refrigeration cycle from start-up to shut-down.
liquid phases were present simultaneously in the
When the running conditions in the tests were such that two
phase having the lowest viscosity. For two-phase systems
lubricating bath, the lift-off speed was mainly governed by the
our of the two phases but the volume of the lubricant
the viscosity measured by a viscometer will indicate the mean behavi
viscosity will be present and thus a very thin lubricant
film is so small that, at least part of the time, only fluid of a low
investigate how boiling/condensation and other transient
film will be built up, resulting in a high lift-off speed. To
the lubricant flow passes one bearing after the other,
phenomena influence the lubrication of groups of bearings when
a new method of testing bearing lubrication was developed.
Angular contact ball bearing tests
and temperature, the state of bearing lubrication was
As it was clear from the earlier tests that, for given load, speed
to the system, tests were run with sets of bearings with
not necessarily given just by the properties of the lubricant as fed
applications. The flow of lubricant-refrigerant mixture was
a configuration similar to that which is common in compressor
bearing arrangement was symmetrical with two groups
fed axially to the bearings, passing the set of three bearings. The
The bearing shaft was driven by a magnetic coupling
of three bearings pre-loaded against each other, see Figure 3.
located at one end of the shaft. This made it possible to
transmitting the necessary torque through a thin-walled cup
mixture without any problem of sealing the test cavity from
lubricate the test bearings with the chosen refrigerant-lubricant
e delivered by a scroll compressor to the inlet port of the
the surrounding air. By having a flow of refrigerant-oil mixtur
and mixture concentration could be chosen as long as the
test head, any dynamic combination of pressure, temperature
pressure in the test head was kept below 0.8 MPa.
for 500 hours in order to analyse the wear of the
Each set of six bearings was tested at 6000 r/min or 2000 r/min
"ed by the capacitance of the lubricant films. Both
bearing and the variation of the lubrication over time as measW
a mineral oil were tested at refrigerant concentrations
refrigerant R134a mixed with a synthetic oil and R22 mixed with
fact that the Lubcheck instruments indicated full
30% and 20%, measured at the inlet to the test head. Despite the
n the balls and one of the bearing rings some wear of
separation of the bearing surfaces by an oil film, at least betwee
trations of refrigerant dissolved in the oil. When the
the load-carrying surfaces took place when there were high concen
the pressure as seen by the lubricant-refrigerant mixture
results were analysed, it was obvious that the rate of change of
refrigerant, was much too fast to allow the mixture
during its circulation around the systems, especially for the Rl34a
tration constantly lags behind the pressure-temperature
to reach equilibrium. Thus the lubricant-refrigerant mixture concen
changes in the circulation system.

ll8

CONCLUSION
The results of the different tests show that the behaviour of the elastohydrodynamically lubricated contacts in
refrigeration (R 134a, R22) compressors can be treated by normal (fully-flooded) EHL theory only if the lubricantrefrigerant mixture is in equilibrium with the pressure and temperature at the bearing surfaces and provided fully-flooded
conditions prevail. If that is not the case, the dynamics of the whole refrigeration circuit will have an influence on the
local lubricant films built up between the bearing surfaces. There will also be a strong influence on the film of the rate
at which the refrigerant dissolves into, or boils off from, the lubricant.
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Roller-flange contact rig.

119

/Oil

P_ercentage..

Contact .1.irne

I

.I

I I
'
.j [ ! !
.;I . . ....
L ••: .... 1.... 3-ono
·!,··
··· - ...._ ... --.... --+--t-00.0·'.. -~- .. '". ···---- 2:0t}$
!
I

. . . .. i : j. :. l

i
I

·- '

Figure 2

Figure 3

....

·:

. i

"·!"' ...

i . . . ..

'

l !... ~- :

:

I

I

·:··1

..

i ..

i i . . I . ,.. I

Lift-off curve.

Bearing arrangement of screw compressor test rig.

120

'I . '

i

I

I

I.

: .~ : i

I

I

4. 00-0.· .".., . , .r;,:./ ~i.n; ~
. .

i· ·i

:.

.i

